ABSTRACT Irradiation of HeLa cells with 1,100 rads (1 rad = 0.01 J/kg = 0.01 Gy) of x-rays yielded a pure population of giant cells 5-7 days after irradiation. These cells do not divide but go through an intermittent DNA synthetic phase. The After irradiation of HeLa cells and giant cell formation, the relative proportions of most ofthe transformation-sensitive polypeptides (43 of47) reverted to levels similar to those observed in nontumorigenic cells. This suggests that their relative proportions are dependent on the growth properties of the cells. In particular, the relative proportions of three polypeptides (designated 12g and 60dl in isoelectric focusing and 27b in nonequilibrium pH gradient electrophoresis) were not affected, indicating that their reduced amounts in transformed cells could reflect a fundamental change that develops during transformation.
tides common to human epithelial amnion cells and lung fibroblasts, whose rate of synthesis is sensitive to neoplastic transformation [ After irradiation of HeLa cells and giant cell formation, the relative proportions of most ofthe transformation-sensitive polypeptides (43 of47) reverted to levels similar to those observed in nontumorigenic cells. This suggests that their relative proportions are dependent on the growth properties of the cells. In particular, the relative proportions of three polypeptides (designated 12g and 60dl in isoelectric focusing and 27b in nonequilibrium pH gradient electrophoresis) were not affected, indicating that their reduced amounts in transformed cells could reflect a fundamental change that develops during transformation.
Work in this laboratory has been devoted to the search for cellular polypeptides that could be involved in regulating cell proliferation and whose function may shed light on the process of neoplastic transformation (1) (2) (3) (4) (5) (6) (7) (8) . Fifty-eight polypeptides whose relative proportions are sensitive to transformation have been revealed so far among nearly 1,300 proteins analyzed in normal and transformed human lung fibroblasts and epithelial amnion cells (7) . These polypeptides are present in both normal and transformed cells and are common to both cell types studied (7, 8) . Similar analysis ofthe polypeptides synthesized by other transformed cell lines of human origin, such as HeLa, Detroit-98, and Chang liver, showed that the relative proportions ofthe transformation-sensitive polypeptides are very similar to those observed in transformed human lung fibroblasts and epithelial amnion cells (7) .
From previous studies it seemed likely that the relative proportions of some of these polypeptides could reflect variations in the growth properties of the cells (1, 6, 7, 9 The publication costs ofthis article were defrayed in part by page charge payment. This article must therefore be hereby marked "advertisement" in accordance with 18 U. S. C. §1734 solely to indicate this fact. the microtiter plates were wrapped in Saran Wrap to avoid evaporation. Excess liquid was drained from the coverslips, and the samples were dissolved immediately in 20 pkl oflysis buffer (15) .
The procedures for two-dimensional gel electrophoresis [isoelectric focusing (IEF) and nonequilibrium pH gradient electrophoresis (NEPHGE)] (14-17) and quantitation ofradioactive spots recovered from the gels (14) have been described in detail elsewhere.
RESULTS
Characteristics of Giant HeLa Cells. Irradiation of HeLa cells with 1,100 rads of x-rays leads to the death of many cells before reaching the first mitosis (interphase death). However, a fraction of the cells continue to grow but fail to divide and so reach an average size many times that of control cells (9, 12) (Fig. 1) . In this way a pure population ofgiant cells was obtained 5-7 days after irradiation (Fig. 1B) . About 75% of the cell population consisted oflarge flat mononucleated cells, 15% ofmultinucleated cells (binuclear and higher), and 10% of micronucleated cells (Fig. 1B) . These cells do not divide, as no metaphases or telophases could be observed in the cell populations (10) 1B ) were labeled 6 days after irradiation with 1,100 rads of xrays. Only 47 (27 acidic and 20 basic) of the 58 transformationsensitive polypeptides so far revealed in human cultured cells (7, 8) have been analyzed in this study and are indicated with arrows and arrowheads in Figs. 2 and 3 . The number given to each polypeptide corresponds to that assigned in the HeLa protein catalogues (4, 8) . The identity of a few polypeptides is known, and these correspond to vimentin (IEF 26), phosphovimentin (IEF 26e), cyclin (IEF 49), and a tropomyosin variant (IEF 52) (4, 7, 8) . The spots were cut out from the gels for quantitative analysis, and the radioactivity was determined as described (14) . In order to compare the radioactivities ofthe spots, the radioactivity of each spot was standardized against the total radioactivity applied to the gel. The Fig. 2 [IEF 8m , 14h, and 26e (phosphovimentin)] are not listed in Table 1 and correspond to transformation-sensitive phosphoproteins (7) . The relative proportions of IEF 8m and 14h decrease in giant HeLa cells while that ofphosphovimentin increases (Fig. 2) .
Finally, it should be stressed that we have carried out similar studies on spontaneously transformed amnion cells (7) and giant amnion cells. Again a detailed qualitative analysis showed that with the exception of polypeptides IEF 12g and 60d1 and NEPHGE 1z31 and 27b, the intensities of all other transformation-sensitive polypeptides are similar to that observed in control normal amnion cells (7) (results not shown). Because the relative change in radioactivity in NEPHGE Wz31 is much smaller than those observed with the other three polypeptides, the importance of this change is difficult to evaluate.
DISCUSSION
Because irradiation of cells with lethal doses of x-rays is known to produce a population of cells that do not divide but keep a certain degree of metabolic integrity ("giant cells") (10-12), it was of interest to compare the polypeptide pattern of giant HeLa cells with that of control HeLa cells. From our previous studies of normal and transformed cultured fibroblast and epithelial cells, it seemed likely that the relative proportions of many ofthe transformation-sensitive polypeptides could reflect changes in the growth properties of the cells (7) . In this study we found that the relative proportions of 44 out of 47 transformation-sensitive polypeptides analyzed changed substantially and consistently in giant cells, suggesting that their relative proportions may be dependent on growth rate. In the case of IEF 49 (cyclin), this assumption has been confirmed by analyzing the relative proportion of this protein in rapidly growing and senescent human skin fibroblast cells (9) .
Interestingly, the analysis of giant cells showed that the relative proportions of three transformation-sensitive polypeptides (IEF 12g and 60d1 and NEPHGE 27b) could not be changed (6, 7, 17) tAllof the gels were normalized to the same total radioactivity. * In all cases, with the exception of polypeptides NEPHGE 1z31-and 27b and EEF 12g and 60dl, the ratio of giantHeLa cells to HeLa-cells iasimilar to that observed in normal versus transformed human fibroblasts and epithelial cells (see ref. 7) . Numerical ratios are given where the spots were quantitated. +, + +, and + + + indicate increasing levels of radioactivity as determined by visual inspection of the fluorograms.
-already synthesized by HeLa cells. This situation is very similar to that observed in pairs of normal and transformed cells of human, mouse, and hamster origin (1, 5, 7) . In that case we have proposed that transformation may be due to the abnormal expression of-normal genes (5, 7, 9) .
